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SUk#<ARY 


INTRODUCTION 


The  experiments  reported  here  are  a  part  of  a  study  funded  hy  the 
Defense  Civil  Preparedness  Agency  under  project  No.  DCPA  01-78-C-0247, 
Work  Unit  1123-C,  entitled  "Blast  Loading  in  Existing  Structures." 

The  purpose  of  this  part  of  the  study  was  to  determine  the  ultimate 
failure  under  air  blast  loads  of  construction  materials  and  closure 
designs.  Data  are  given  for  plywood  sheets  panels,  wood  closures,  and 
plywood  stressed  skin  panel  closures  (PSSP) . 

II.  EXPERIMENT 

Panels  of  sheet  plywood  (1.27  cm  to  2.54  cm  thickness)  were  simply 
supported  at  two  ends  and  loaded  by  the  blast  at  the  end  of  the 
Ballistic  Research  Laboratory's  57.5  cm  I.D.  shock  tube.  A  second  and 
third  series  of  tests  were  completed  in  a  similar  manner  with  wood 
beams  made  of  2x's  placed  flat,  and  the  PSSP  closures.  Pressure-time 
loading  and  displacement  histories  were  measured  as  a  function  of  the 
blast  wave  for  the  different  closures. 


111.  RESULTS  AND  CONCLUSIONS 

Records  of  blast  wave  loading  and  panel  displacement  are  presented 
as  plots  in  the  body  of  this  report. 

Panel  displacement  amplitudes  and  frequencies  are  presented  as  a 
function  of  closure  type.  The  loads  needed  for  ultimate  failure  of 
the  closures  exposed  to  blast  was  about  4-20  times  the  allowable 
static  load. 
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I.  INTRODUCTION 


The  work  reported  here  is  a  part  of  a  task  at  the  Ballistic 
Research  Laboratory  (BRL)  funded  by  the  Civil  preparedness  Agency  (DCPA) 
under  project  Order  No.  DCPA  01 -78-C-0247 ,  Work  Unit  1123-C  entitled 
"Blast  Loading  in  Existing  Shelter  Structures."  The  purpose  of  the 
present  work  is  to  verify  the  prediction  of  the  loads  needed  to  cause 
ultimate  failure  (breakout)  in  predesigned  closures  intended  to  upgraJe 
existing  basement  shelters.1 

Three  kinds  of  closures  were  to  be  tested  to  breakout:  plywood 
sheet  panels,  wood  beam  closures  (2x's  placed  flatwise),  and  plywood 
stressed  skin  panels  (PSSP).  The  test  procedure  used  was  to  blast 
load  the  simply  supported  closures  at  the  end  of  the  shock  tube  until 
breakout  occurred.  The  experimental  setup  is  described  below. 


II.  EXPERIMENT 

The  shock  tube,  panel  test  fixture,  and  recording  instrumentation 
are  briefly  described  in  this  section. 

A.  Shock  Tube  Setup 
V 

A  panel  holder  was  constructed  for  use  at  the  end  of  the  BRL 
57. S  cm  I.  D.  shock  tube.  The  test  fixture  which  had  been  used  to  hold 
the  plywood  panels  in  the  previously  reported  experiments:was  modified 
for  these  tests. 

Figure  1  shows  the  panel  holder  at  the  end  of  the  shock  tube; 
Figure  2  shows  some  additional  details  of  the  setup. 

Each  panel  was  simply  supported  at  two  ends.  Figures  3-5  show 
the  panel  sizes  and  construction  details.  To  allow  free  movement 
through  the  47  cm  square  opening,  a  small  clearance  of  0.315  cm  was 
allowed  on  the  long  sides,  between  the  panel  and  the  holder.  A  strip 
of  0.317  cm  thick  rubber  was  attached  to  the  holder  on  each  side  so  as 
to  overlap  the  clearance  openings.  The  rubber  was  left  loose  at  each 
side  of  the  test  panels  and  could  move  freely  with  the  panel  when  blast 


‘R.L.  Murphy,  "Upgrading  Basements  for  Combined  Nuclear  Weapon  Effects: 
Predesigned  Expedient  Options,  "  Technical  Report  SRI  Project  5622, 
Stanford  Institute,  Menlo  Park,  CA94025,  October  1977. 

2 

George  A.  Coulter,  "Debris  Hazard  from  Blast  Loaded  Plywood  Sheet 
Closures,"  Memoranda  Report  ARBRL-MR-02917 ,  Ballistic  Research  Labor¬ 
atory  March  1979.  (AD  »A071460) 
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SQUARE  FRAME,  7.62  *  7.62 *  0.64  cm 
ANGLE  IRON,  SEALED  WITH 

SILASTIC  - v 


PRESSURE  TRANSDUCER 


45.7  cm 


FACE  GRAIN 


38.74 


NOTES: 

1.  MTL  -  PLYWOOD 

(o)  1.27  cm  AD  EXT  GROUP  1 
(  b)  1.59  cm  BB  CLASS  1  EXT 

(c)  1.90  cm  AC  EXT  GROUP  1 

(d)  2.54  cm  AC  EXT  GROUP  1 

2.  DIMENSIONS  IN  CENTIMETRES 


Figure  3.  DCPA  panel  test,  57.5  cm 
plywood  sheet  closure 


8.89  WIDTH 
(2*  4  s) 


TWO  ROWS  EACH  END 
COMMON  NAILS  (2d) 
2.54  «  0.182  DIA 


NOTES: 

1.  TOP-6.35  mm  PLYWOOD  A-D  INTERIOR  GROUP  1 

2.  2*4»  ARE  GRADE  W  S-DRY.  C-CLR  HEM-FIR.  OR  W 
S-DRY  D  WWP  WHITE  WOODS 

3.  DIMENSIONS  ARE  IN  CENTIMETRES 


Figure  4.  DCPA  panel  test,  57.5  c»  shock  tube  -  closure  of  2x's 
placed  flat 


NOTES  : 

1.  TOP  &  BOTTOM  -  6.35  mm  PLYWOOD  A-D  INTERIOR  GROUP! 

2.  GLUED  PLYWOOD  PANELS  USED  WHITE  POLYVINYL  RESIN 
GLUE  (DURATITE  H-5503-B) 

3.  STRINGERS  ARE  GRADE  T-  B  S-DRY.  C-CLR  HEM- FIR,  OR 
T»  B  S-DRY  D  WWP  WHITE  WOODS 

4.  DIMENSIONS  ARE  IN  CENTIMETRES 


Figure  S.  DCPA  panel  teat,  S7.S  c»  a  hock  tube  -  PSSP  cloaure 


loaded.  Two  snail  finishing  nails  (1.44  nan  dia  x  38.1  mm  long  -  4d) 
were  driven  into  the  bottom  of  the  panels  to  assure  the  proper  stand¬ 
off  (1.27  cm  or  0.64  cn  depending  on  the  test  panel  length).  Rubber 
bands  were  used  to  hold  the  panel  in  contact  with  the  holder  to  assure 
no  air  loss  during  loading. 

The  test  setup  was  completed  with  a  high  speed  camera,  pressure 
transducer,  and  displacement  follower.  These  are  described  in  Section 
B  below. 

B .  I nst rumen tat l on 

The  pressure  recording  consisted  of  a  PLB  Model  113  M  28  quartz 
transducer  with  a  bui It  -  in  voltage  amp  1 i fier .  The  signal  from  the  trans¬ 
ducer  was  recorded  by  an  FM  Honeywell  7600  tape  recorder.  A  quick- look 
oscillograph  playback  was  available  at  the  test  site  to  view  the  records 
until  the  analog  data  could  be  converted  to  digital,  and  be  plotted  with 
engineering  units. 

The  displacement  data  was  acquired  with  an  OPTRON  Model  SOI 
Electro  Optical  Displacement  Follower*.  A  small  black  balsa  wood 
target,  glued  to  outside  of  the  panel,  was  tracked  with  the  displacement 
follower.  The  optical  target  image  was  converted  to  an  electron  image 
in  which  the  electron  density  was  proportional  to  the  corresponding 
light  (from  target)  intensity.  Again  the  electrical  output  signal  was 
recorded  by  the  7600  1M  tape  machine.  The  data  reduction  method  was 
the  same  as  that  for  the  pressure  records. 

A  high  speed  camera  (Red  Lakes  Hycam)  running  at  S000  pps 
completed  the  instrumentation.  During  the  tests  the  lighting  was  found 
to  be  inadequate  for  the  desired  framing  rate.  Therefore,  the  camera 
was  not  used  after  the  initial  checkout  shots  and  no  prints  will  be 
shown . 


III.  RESULTS 

The  results  are  presented  in  two  sections:  The  pressure  loading 
and  displacement  traces,  and  a  summary  data  table. 

A.  Pressure  and  Displacement  Traces 

A  typical  series  of  loading  and  deflection  records  are  shown 
in  Figures  6-11.  The  pressure-t ime  records  show  the  input  shock  wave 


*See  oempany  manual  "Hods  l  SOI  Optical  Displaccnent  Foil  over,  M  OPTRON, 
Division  of  Univ.  Tech.  Inc.,  .1 0  Hiisel  Terrace,  Voodbridge,  Conn.  06SZS. 
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TE0T-DCPA  PANEL  TEST  22 
SHOT -24-70-06 
•TAT20N-I  U  CM  PLYWOOD 


T2MC.  HSIC 


TCST-OCPA  PANEL  TE*T  22 
SHOT -24-79 -WE 
STATION- 1  60  CM  PLYUOOO 


TEST-OCPA  PANEL  TeST  22 
SHOT  - 24- 70 -os 
STATION- 1  SO  CM  PLYWOOO 


6.  Pressure-t ime  loading  records  for  plywood 
sheet  closures  simply  supported  at  two  ends 


DISPLACEMENT .  CM  DISPLACEMENT . CM  DISPLACEMENT 


TCST-OCPA  PANEL  TEST  IX 

•HOT-24- 70-OS 

STATION- 1  60  CM  PLTWOOD 


0  s 


time,  msec 


TCST-OCPA  PANEL  TEST  II 
SHOT -24- 70-96E 
STATION- 1  SO  CM  PLYWOOD 


TIME.  MSEC 


2  L 


TEST-OCPA  PANEL  TEST  II 

SHOT -24- 70-03 

STATION- t  SO  CM  PLYWOOD 


TIME.  MSEC 

Figure  7.  Displacement-time  records  for  plywood 
sheet  closures  simply  supported  at  two  ends 


I 

TIME. 


•  IS  2* 

nsec 


test-ocpa  panci.  test  2zz 

SM0T-24-7S-1SSS 
STATI0N-2X ' S  PINE 


TEST-OCPA  PANEL  TEST  III 


TIME.  MSEC 


TEST-DCPA  PANEL  TEST  III 


Figure  8.  (Cont)  Pressure-time  loading  records  for  2x's  placed  flat 
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Tt*T-OCPA  PANEL  TEST  III 
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Figure  9.  (Conti  Displacement-time  records  for  2x's  placed  flat 
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test-ocpa  panel  test  IV 
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Figure  10.  Pressure-t i»e  loading  records  for  PSSP  closures 
with  plywood  skins  not  glued 
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as  it  passes  the  transducer  station  and  then  the  reflected  pressure 
(at  2-3  ms)  back  from  the  loaded  test  panel.  If  the  panel  was  broken 
out  during  the  shock  pressure  loading  period  a  rarefaction  decay 
is  shown.  See  the  bottom  trace  of  Figure  8  (Cont)  as  an  example. 

The  displacement  records  show  the  center  panel  amplitude  dis¬ 
placement  as  a  function  of  the  reflected  shock  wave  load  and  the 
accompanying  oscillations.  As  the  load  on  a  test  panel  was  increased, 
the  average  deflection  increased  but  the  oscillation  tended  to  be  damp¬ 
ed.  As  the  panel  began  to  crack  and  finally  to  blow  out  the  optron 
follower  was  no  longer  able  to  follow  the  displacement.  See  Figure 
7  -  bottom  trace.  Other  records  for  the  remaining  shots  are  given  in 
the  appendix  to  this  report. 

Figures  12-17  show  cases  of  panel  damage  -  from  slight  cracks 
as  shown  in  Figure  12  to  near  total  blow-out  as  seen  in  Figure  IS. 


B.  Data  Tables 


The  results  of  the  blast  exposed  panels  are  given  in  Tables  1  and 
2.  The  first  table  groups  the  results  obtained  for  the  tests  on  the 
plywood  sheet  closures.  The  panels  listed  were  all  made  of  a  single 
sheet  of  plywood.  Most  were  exposed  only  one  time.  A  letter  after 
the  shot  number  does  mean  multiple  exposure.  Multiple  shots  were  used 
during  the  testing  if  there  was  no  visible  damage  to  the  panel,  no 
cracking  at  all.  The  plywood  panels  showed  slight  damage  for  loads 
below  the  ultimate  failure  level  -  then  at  the  oust  point  complete 
breakout  would  occur.  The  load  values  near  to  breakout  and  at  break¬ 
out  were  averaged  to  give  the  value  for  ultimate  failure  used  to  comp¬ 
are  with  predicted  values  in  the  analysis  section. 

The  second  table  summarizes  the  results  from  the  wood  beam 
closure  of  2x's  placed  flat  and  the  plywood  stressed  skin  panels  tested 
as  closures.  Here  again  the  test  results  were  similar  to  those  for  plv- 
wood  sheets  in  that  at  first  slight  damage  only  occurred,  then  complete 
breakout  as  the  load  was  increased.  The  ultimate  failure  point  was 
found  to  be  somewhat  higher  for  the  PSSP  panels  when  the  skins  were 
glued  and  nailed  than  for  the  unglued  skins.  The  difference  was  not 
very  great,  approximately,  7  kPa. 

The  2x's  placed  flat  showed  a  smooth  linear  displacement  as 
the  blast  load  was  increased,  then  some  yield  took  place,  and  then 
blowout  occured.  Figure  18  is  a  plot  from  the  listed  table  data  for 
the  2x's  used  for  closures.  Breakout  occurred  at  about  31.4  kPa  (4,Spsi) 
for  1.27  cm  plywood,  at  90.4  kPa  (13.1  psi)  for  1.59  cm  plywood,  at 
74.2  kPa  (10.8  psi)  for  1.90  cm  plywood,  and  at  124.3  kPa  (18.0  psi) 
for  the  2.54  cm  plywood.  For  the  closure  made  of  flat  2x's  the  break¬ 
out  occurred  at  about  488  kPa  (70.8  psi).  The  PSSP  closures  blowout 
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(B)  1.90  cm  PLYWOOD 

Figure  13.  Plywood  closures  showing  different  plywood  grades 
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(A)  PRE-SHOT  24-78-  111 


(B)  POST-SHOT  24-78-111 
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(A)  PRE-SHOT  24-78-120 


(B)  POST- SHOT  24-78-120 


Figure  15-  PSSP  closures  with  plywood  skins 
not  glued  -  load  of  149  kPa  (217  psi) 
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Figure  18.  Displacement  load,  kPa  as  a  function  of  load  for  flat  2*'s 
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(plywood  skins)  at  about  147  kPa  (21.3  psi)  for  skins  nailed  only  and 
154  kPa  (22.3  psi)  for  nailed  and  glued  plywood  skins.  The  glue  seemed 
to  have  added  some  small  amount  of  additional  strength.  The  whole 
nanel,  including  stringers,  seems  to  blow  out  when  the  skins  were  only 
nailed.  The  skins  broke  out  when  they  were  glued  and  nailed. 

The  three  larger  plywood  sheet  panels  vibrated  at  a  freauenev  of 
about  200  Hz  and  about  120  for  the  1.27  cm  panel.  The  2x*s  beam  closure 
had  a  frequency  of  about  450  Hz  and  the  PSSP  closures  about  37S  Hz. 

The  experimental  values  of  ultimate  failure  and  vibration  freq¬ 
uency  for  the  test  panels  are  compared  with  the  handbook  calculated 
values  as  given  by  methods  used  in  Reference  1. 


IV.  ANALYSIS 

/ 

Prediction  methods  to  determine  the  blast  loads  necessary  to  cause 
ultimate  panel  failure  are  given  for  the  three  types  of  closures  tested. 

A.  Plywood  Sheet  Closures 

The  expected  loads  needed  to  cause  ultimate  failure  (break¬ 
through)  were  predicted  by  the  method  proposed  by  H.t.  Murphy  (Refer¬ 
ence  1).  His  method  is  outlined  briefly  below. 

The  weight  of  the  plywood  is  ignored  as  a  dead  load,  single 
spans  are  used  with  uniform  loads,  and  simple  supports  (free  ends) 
are  assumed.  No  units  are  hidden  in  the  constants  used  in  the  equations. 

For  uniform  loads  based  on  allowable  bending  stress: 

Pb  -  8  Fb  S/l7,  (1) 

where 


Pb  »  allowable  loads  -  bending  moment  (kPa), 

Ffe  •  allowable  bending  stress  (kPa), 

S  or  Ks  •  effective  section  modulus  (cm3/cm  width),  and 
t  ■  clear  span  (cm). 

For  uniform  loads  based  on  allowable  rolling  shear  stress: 

P#t  «  2  F#  (Ib/Q)/l,  (2) 
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where 


Ps{  ■  allowable  load-rolling  shear  stress  (kl’a), 

Fs  ■  allowable  rolling  shear  stress  (kPa), 

(Ib/Q)»  rolling  shear  constant  (cm/cm  width),  and 

t  ■  clear  span  (cm). 

The  useful  allowable  load  P  becomes: 

-  m 

P  ■  P,  or  P  .  whichever  is  smaller  (kPa).  (3) 

mo  st 

For  the  present  test  panels  Pa  ■  P^. 

A  ductility  factor  is  included  to  give: 

Pdm  -  5/6  P  :  (3a) 

m 

For  bending  deflection  (elastic)  under  uniform  load: 

Y.  -  P  l4/ (76.8  I  (I. IE))  (4) 

D  R1 

where 

Y^  ■  bending  deflection  (elast ic)under  uniform  load  (cm), 

I  •  effective  moment  of  inertia  (cm4/cm  width), 

E  ■  modulus  of  elasticity  (kPa),  and 
L  -  clear  span  (cm). 

For  shear  deflection  (elastic)  under  uniform  load: 

Y  ■  P  C  t2  l2/ (106  E  I),  (5) 

%  in 

where 

Y^  »  shear  deflection  (elastic)  under  uniform  load  (cm), 

C  •  120  or  60  for  panels  applied  with  face  grain  perpendicular 
to  or  parallel  to  supports,  respectively,  and 

t  >  nominal  panel  thickness  (cm). 

For  combined  bending  and  shear  deflection  (elastic)  either  add  Y^  and 
Ys  from  Equations  4  and  5  or  use  Equation  4  only  with  the  constant  1.1 
dropped  from  the  equation. 


For  the  plywood  bearing  face  under  uniform  load  (ends  over  simple 
supports): 

*e  "  l/(2((Fci/Pm)  -  »».  (6) 

where 

l  ■  required  plywood  end  bearing  length  at  each  end  of  panel 
(cm),  and 

F£l  ■  allowable  bearing  stress  on  the  plywood  face,  for  load 
perpendicular  to  plane  of  outei  ply  actually  in  bearing 
(kPa). 

Reference  1  recommended  that  be  at  least  3.8  cm;  this  recommendation 
was  followed  for  the  plywood  panels  just  tested. 

Ultimate  failure  for  the  panels  was  calculated  by  using  values 
furnished  in  Reference  4,  of  materials  strength  parameters  (Table  to 
give  the  allowable  loads.  These  values  were  then  corrected  for  the 
ductility  ratio  and  multiplied  by  a  factor  of  four  as  suggested  by 
*irphy  (Reference  1)  to  give  the  expected  blast  load  needed  to  cause 
ultimate  failure  of  the  closures.  Table  4  lists  the  predicted  values. 

B.  Wood  Beam  Closures 


Again  the  predictions  of  ultimate  loads  to  fail  the  wood 
beam  closures  follow  the  methods  of  Murphy  (Reference  1).  The  assump¬ 
tions  are  the  same  as  for  the  plywood  closures. 

The  flexural  or  bending  resistance  is  calculated  from  Equation  7 

qb  -  0.5  Fb  (d/1)*/  (3c),  (7) 

where 

Fb  ■  extreme  fiber  stress  in  bending  (kPa), 
t  »  clear  span  (cm), 

d  ■  thickness  (depth)  of  beam  (cm),  and 
c  »  1/8  for  simply  supported  beams. 
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The  horizontal  shear  resistance  is  found  from  Equation  8: 

qv  -  2Fy  d/C3c'(t  -  2d)).  (8) 

where 

Fy  ■  horizontal  shear  stress  (kPa), 
l  ■  clear  span  (cm), 

d  =  thickness  (depth)  of  beam  (cm),  and 
c*  »  1/2  for  simply  supported  beams. 

The  wood  beam  resistance,  q,  is  then  equal  to  lesser  value  of  q^  and  q^_. 

q  ■  least  of  q^  and  q  .  (9) 

The  air  Mast  load  to  cause  ultimate  failure  is  found  from  Equation  10: 

Pm  -  4(1  -  l/(2w))q,  (10) 

where  the  design  ductility  ratio  u  »  3,  and 

Pm  -  4 (5/6)q.  (11) 

v 

The  required  bearing  length  at  each  end  is: 

ie  -  qlc'/Fci  (12) 

where 

l  «  clear  span  (cm), 

F_.  ■  compression  stress  perpendicular  to  grain  or  hearing 
C1  stress  (kPa) ,  and 

c *  -  1/2. 

is  recommended  to  be  at  least  3.R1  cm. 

The  calculated  load  to  cause  ultimate  failure  for  the  wood  beam 
closure  (2x's  placed  flat),  after  multiplying  the  least  allowable 
load,  q  ,  by  the  ductibility  ratio  and  by  a  factor  of  4,  is  given 
in  Table  IV. 
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plywood  face  grain  is  across  stringers,  write  APA  for  appropriate  "S"  distances 


where 


P  ■  Allowable  total  load  -  top  skin  deflection  (kPa), 

C  •  factor  for  maximua  allowable  deflection  *  360  for  floors 
and  240  roofs, 

E  is  for  top  skin  (kPa), 

I  ■  stress  applied  perpendicular  to  stringer  and  face  grain 
(cmVcm) , 

t"  •  clear  distance  between  stringers  (cm),  and 
l"/C  ■  midspan  deflection  (cal. 

when  Dl  is  xero  P  »  7.28  kPa  (1.06  psi)  for  the  top  skin  of  the  panel 
tested. 

The  total  allowable  load  in  bending  is  found  from  Equation  IS: 

Pb  -  (8F/cfl2)  (E^/E#kin  ),  (IS) 

where 


Pb  •  allowable  load  in  bending  (kPa)  where  El  is  for  bending 
about  a  neutral  axis,  calculated  as  in  Figure  19  but  with 
the  effective  width  of  bottom  skin  to  be  used.  For  the 
present  test,  panel  spacing  1'*;  b/2  ♦  stringer  width 
(the  effective  width),  and  therefore 
EI^  ■  Elg  as  already  calculated  (kPa  -  ca“). 

F  ■  F.  or  Ft  (F  for  top  skin  and  F  for  bottom  skin)  (kPa). 

The  values  of  F.  and  F^  are  to  be  corrected  in  the  following 
way: 

if  •  <  0.S  use  100%  of  F  and  F  , 

D  Cl 

if  ratio  >  1.0  to  2  use  67%,  and  for  ratios  between  0.5  and  1 
vary  percentage  linearly  between  100  and  67%. 

F  •  skin  under  check  including  percentage  increase  (kPa), 

c  •  distance  to  center  of  skin  thickness  from  N. A  (cm),  and 

t  and  t'  are  as  before  (cm). 

The  values  of  P^  are  80.0  kPa  (11.6  psi)  using  upper  skin  and  85.7  kPa 
(12.4  psi)  using  bottom  skin  of  the  test  panel. 
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The  allowable  total  load  -  rolling  shear  is: 


P$t  -  (2(rFst)/(U'Qa))(Elg/Esk.n)  (16) 

where  the  statical  moment 

Qs  ■  A  ds  and  (17) 

a,  -  c  -  y\  (18) 

See  Figure  20  for  definition  and  value  of  y’  (Table  6).  Z  F#t  (kPa-ca)is 
the  sum  of  the  glueline  widths  over  each  stringer  (three  in  test  panel) 
multiplied  by  its  applicable  allowable  rolling  shear  stress  Fs  (Table  3 
above),  t  and  l*  (cm)  are  same  as  before. Pjt  ■  43.2  kPa  (6.3  psi)  for 
the  test  panel. 

The  allowable  total  load  -  horizontal  shear  is: 


Py  -  (2(r  Fvt)/lfQv)(El  /Fst).  (19) 

where 


Pv  •  allowable  load  -  horizontal  shear  (kPa), 

F'v  ■  allowable  stress  in  stringer  horizontal  shear  (kPa), 
t  »  sum  of  stringer  width  (cm), 

F.I^  is  from  Figure  12  above  (kPa  -  cm“), 

F-st  is  for  stringer  including  percentage  (3M  increase  (kPa), 
l  and  t'  as  before  (cm),  and 


<3v  ^stringer  *l^skin  '^skin  ^strmger^ 


(20) 


The  terms  of  Q  arc: 

<v 

Q  «  cross  section  of  all  stringers  either  above  or 

s  ringers  j,ciow  *j.  A.  times  its  centroidal  distance  from 
N. A .  (cm’), 

Q  ,  ■  A,,  for  chosen  skin  times  moment  arm  (cm1),  and 

sum  1 1 

F's  are  as  before  (with  percentage  increases)  (kPa). 

The  value  calculated  for  P^  is  28.4  kPa  (4.13  psi)  for  the  panel  tested. 
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The  minimum  beering  length  at  each  end  1»: 


where 


FC1>* 


(21) 


le  ■  required  plywood  end  bearing  length  at  each  end  of  the 
panel  (c*), 

t  ■  clear  span  (cm), 
t*  ■  full  panel  width  (skins)  (cm), 

Pa  -  smallest  of  calculated  allowable  loads  (kPa),  and 

Fc^  -  allowable  bearing  stress  on  plywood  face,  for  load 

perpendicular  to  plane  of  outer  ply  actually  in  bearing 
(kPa). 

A  minimum  l  of  3.81  cm  at  each  end  was  used  for  the  test  panels.  The 
smallest  allowable  load  calculated  for  the  PSSP  test  closure  was  found 
to  be  for  the  top  plywood  skin  deflection  load,  P  -  7.28  kPa  (1.06  psi). 
The  dynamic  load  required  to  cause  ultimate  panel  failure  is: 

Pdm  "  4Pm  (1  *  “ST  )  («) 

where  the  ductility  ratio,  u,  is  taken  as  2,  and 


P 


dm 


•  3Pa. 


The  load  for  ultimate  failure  is  21.8  kPa  (3.16  psi). 


(23) 


The  frequency  for  the  first  mode  of  panel  deflection  is  given  by 
Equation  24  (Reference  5).  The  panel  is  assumed  to  act  like  a  simply 
supported  beam  (free  at  each  end)  which  is  uniformly  loaded. 


f 


(24) 


where 


f  ■  frequency  of  first  mode  (Hi), 
l  ■  free  span  of  panel  (cm) , 


Lionel  S.  Hurke,  Editor,  "Marks ’  Meahanioal  Engineers’  Handbook ", 
MaaGraD-MlT  *ocY  Co.,  Tno.,  Hen  York,  NY,  705J. 
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P.I  ■  flexural  rigidity  of  panel  (kPa-cmVpanel  width) 
A  ■  cross  section  area  of  panel  or  component  (cm), 

N  ■  weight  of  panel  or  conponent  (gm/cra3). 


I  is  calculated  fron  liquation  25  for  all  closures  except  PSSP 
c losure : 


I 


w  d3 

-  - . 


'  (25) 


where 


w  •  width  of  panel  (cm)  and 
d  •  thickness  of  panel  (cm). 

El  •  El  from  Figure  19  was  used  in  calculations  for  PSSP 
closure. 

The  calculated  and  experimental  values  for  Pdm  and  f  for  each  type 
of  closure  tested  are  listed  in  Table  IV.  for  comparison. 


V.  SUMMARY  AND  CONCLUSIONS 

As  a  part  of  a  program  to  upgrade  existing  shelters,  the  Defense 
Civil  Preparedness  Agency  has  had  a  design  manual  (Reference  1)  prepared 
which  describes  and  lists  pre-designed  closures.  Three  types  are  listed; 
plywood  sheet  closures,  wood  beam  closures, and  plywood  stressed  skin 
panels  to  be  used  as  closures.  The  closures  are  designed  to  be  placed 
in  basement  shelter  openings  -  windows  and  entryvays,  for  example.  The 
intent  was  to  use  these  pre-designed  closures  to  upgrade  home  and  comm¬ 
ercial  basements  to  resist  increased  levels  of  blast  pressure  over  the 
shelters' present  ability  to  protect  the  shelterees. 

The  design  procedures  followed  in  Reference  1  was  to  calculate  the 
allowable  static  load  (minimum  value  used  if  more  than  one)  and  to 
correct  this  value  to  a  dynamic  load  for  ultimate  failure  for  each 
closure.  The  present  work  was  done  to  verify  experimentally  the 
values  of  ultimate  failure  predicted  for  the  closures. 

The  three  types  of  closures  were  exposed  to  the  loading  of  reflected 
shock  overpressures  at  the  end  of  the  BRL  S7  cm  shock  tube.  Plywood 
sheet  panels  of  various  thickness  (1.27,  1.59,  1.90,  and  2.5  cm)  were  loaded 
to  bursting  while  simply  supported  at  two  ends.  Wood  beam  panels 
(2x's  placed  flat)  and  plywood  stressed  skin  panels  were  tested  in  the 
same  way.  Input  shock  pressure  and  center-point  panel  deflection  data 
were  obtained  for  the  different  test  panels. 
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Loading  data  -  pressure  load,  panel  deflection,  and  panel  vibration 
frequency  were  listed  and  compared  to  the  calculated  values.  Bursting 
loads  were  found  to  be  about  four  tiaes  the  predicted  allowable  load 
for  the  plywood  sheet  closures.  The  factor  was  about  six  times  for  the 
beam  closures  and  over  twenty  tiaes  for  the  plywood  stressed  skin  panels. 
The  plywood  skin  was  the  weaker  element  in  the  PSSP  panels  as  predicted 
but  the  skin  was  still  many  tiaes  stronger  than  it  was  calculated  to  be. 

Accordingly,  all  the  pre-designed  closures  as  listed  in  Reference  1 
appear  to  be  stronger  (loaded  to  ultimate  failure)  by  a  factor  of  2-7 
times  than  was  predicted  for  ultimate  failure. 

Again,  as  seen  in  earlier  experiments  with  closures  simply  supported 
on  four  sides  (Reference  2),  damage  was  light  until  the  bursting  point  was 
reached.  The  panel  would  nearly  always  blow  out  completely  when  the 
plywood  sheet  closures  failed.  The  beam  closures  lost  one  or  more 
beams  and  the  PSSP  closures  lost  a  great  part  of  their  skins  during 
failure.  At  loads  higher  than  burst  pressure  the  entire  panel  burst  into 
many  fragments. 

In  general  all  panels  tested  took  loads  that  exceeded  the  predicted 
load  for  ultimate  failure  as  pre-designed. 
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APPENDIX 


PRESSURF-TIMF.  AND  DISPLACEMENT-TIME 
TRACES 


TEST-DCPA  PANEL  TEST  II 
SHOT-24- 78-08 
STATION- I  27  CM  PLYWOOD 


TEST-DCPA  PANEL  TEST  II 
SHOT-24- 78-80 
STATION- I  27  CM  PLYWOOD 


Figure  A-l.  Records  for  1.27  ca  plywood  sheet  closures 


PRE 


TEST-OCPA  PANEL  TEST  II 
SHOT-24-  78-83 
STATION- 1  27  CM  PLYWOOD 


TEST-DCPA  PANEL  TEST  II 

SM0T-24-78-8S 

STATION- 1  27  CM  PLYWOOD 


Figure  A-l  (Cont).  Records  for  1.27  c»  plywood  sheet  closures 


DISPLACEMENT 


•  S  It  IS  2t 

TINE .  MSEC 


Figure  A- 1  (Cont).  Records  for  1.27  c«  plywood  sheet  closures. 
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S  10  IS  29 

TINE,  H3EC 


4 


X 

u 


I 


TEST-DCPA  PANEL  TEST  II 


Figure  A-2.  Records  for  1.59  c»  plywood  sheet  closures. 
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TEST-OCPA  PANEL  TEST  XI 
SH0T-24-79-W 
STATION- 1  S8  CM  PL YU OOO 


S  19  IS 

TINE.  NSEC 


Figure  A-2  (Cont).  Records  for  1.S9  ca  plywood  sheet  closures. 


DISPLACEMENT. CM  PRESSURE. KPA 


88  r- 


68  - 


TEST-DCPA  PANEL  TEST  II 
SH0T-24-78-8SC 
STATION- I  S8  CM  PLYWOOD 


48  - 


28 


10 


IS 


21 


TIME.  MSEC 


TEST-DCPA  PANEL  TEST  II 
SH0T-24-78-8SC 
STATION- I  S8  CM  PLYWOOD 


TIME.  MSEC 


Figure  A-2  (Cont).  Records  for  1.S9  c«  plywood  sheet  closures. 


SH07-24-78-86 
STATION- I  59  CM  PLYWOOD 


Figure  A-2  (Cont).  Records  for  1.59  cm  plyvood  sheet  closures. 


DISPLACEMENT , CM  PRESSURE . KPA 


TEST-DCPA  PANEL  TEST  II 


TEST-DCPA  PANEL  TEST  II 


Figure  A-2  (Cont).  Records  for  1.59  c»  plywood  sheet  closures. 


TEST-OCPA  PANEL  TEST  II 

SHOT-24-78-91 

STATION- 1.99  CM  PLYUOOD 


PRESSURE. KPA 


TEST-OCPA  PANEL  TEST  II 
3HOT-24-70- I 12 
STATION-2. S4  CM  PLYWOOD 


TEST-OCPA  PANEL  TEST  II 


Figure  A-4.  Records  for  2.54  c«  plywood  closures. 
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69 


0 


S  It  IS  20 

TIME,  MSEC 


TEST-DCPA  PANEL  TEST  n 
SHOT-24-70- 10S 
STATION-2. 54  CM  PLYUOOO 


TINE.  MSEC 


Figure  A-4  (Cont).  Records  for  2.54  cm  plywood  closures. 
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TEST-DCPA  PANEL  TEST  III 
SM0T-24-78-186 
STATI0N-2X'S  PINE 


TEST-DCPA  PANEL  TEST  JJJ 
SHOT-24- 78- 106 
STATI0N-2X ' S  PINE 


Figure  A-S.  Records  for  2x's  placed  flat 
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02 


TEST-DCPA  PANEL  TEST  III 


TEST-DCPA  PANEL  TEST  III 
SHOT-24-78-1060 
STATI0N-2X'S  PINE 


8  S  18  IS  28 


TINE.  MSEC 


Figure  A-5  (font).  Records  for  2x's  placed  flat. 
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TES7-DCPA  PANEL  TEST  III 


TEST-OCPA  PANEL  TEST  III 


TINE.  NSEC 


Figure  A-5  (Cont).  Records  for  2*'s  placed  flat. 
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S  10  15  20 

TIME.  MSEC 


TEST-DCPA  PANEL  TEST  III 
SHOT-24-78- I 07C 
STATION- 2X'S  PINE 


t  1  — "  -  r  -  — - r -  ■■  —  i 

S  10  15  28 


TIME,  MSEC 


Figure  A-5  (Cont).  Records  for  2x’s  placed  flat. 
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TEST-DCPA  PANEL  TEST  III 
SHOT -24- 70- 1 10 
STATI0N-2X'S  PINE 


A  —  .  i 

IS  28 


TEST-DCPA  PANEL  TEST  III 
SHOT-24- 78- 110 
STATION-2X'S  PINE 


TEST-DCPA  PANEL  TEST  III 
SHOT-24-7S-1 1 1 
STATI0N-2X'S  PINE 


TEST-OCPA  PANEL  TEST  III 
SHOT-24- 78- 1 1 ( 
STATI0N-2X'S  PINE 


Figure  A-5  (Cont).  Records  for  2x’s  placed  flat 


CM 


DISPLACEMENT,  CM  PRESSURE 


TIME,  MSEC 


TEST-DCPA  PANEL  TEST  IV 

SM0T-24-76-I23 

station-pssp 


TINE.  MSEC 


TEST-DCPA  PANEL  TEST  IV 


Figure  A-6  (Cont).  Records  for  PSSP  closures 
with  plywood  skins  not  glued. 


DISPLACEMENT 


•  5  It  15  2i 

TINE.  MSEC 


TEST-OCPA  PANEL  TEST  IV 


Figure  A-7.  Records  for  PSSP  closures  with  plywood  skins  glued. 
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TEST-DCPA  PANEL  TEST  IV 
SHOT-24- 79- t ISA 
STATION-PSSP 


TIHE.  MSEC 


Figure  A-7  (Cont).  Records  for  PSSP  closures  with  plywood  skins  glued. 


5  I 

TIME. 


0  15  20 

MSEC 


TEST-DCPA  PANEL  TEST  IV 
SHOT -24-78- J 17 
STATION-PSSP 


Figure  A-7  (Cont).  Records  for  PSSP  closures  with  plywood  skins  glued 
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Figure  A-7  (Cont).  Records  for  PSSP  closures  with  plywood  skins  glued 
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LIST  OF  SYMBOLS 
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t* 

l" 

l"/C 

P. 


pps 

Pst 


% 

S  or  KS 
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u 
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Yb 

Ys 


Cross  section  area,  car 
Basic  stringer  spacing,  cm 
Constants,  no  units 
Thickness  (depth)  of  bean,  cn 
Modulus  of  elasticity,  kPa 

Flexural  rigidity,  kPa  -  cm4/width  panel,  cm 
Modulus  of  elasticity  of  stringers,  kPa 

Allowable  bending  stress,  kPa 

Allowable  bending  stress  -  top  skin,  kPa 

Allowable  bearing  stress  -  load  perpendicular  to  plane 
of  outer  ply  or  grain  actually  in  bearing,  kPa 
Allowable  rolling  shear  stress,  kPa 

Horitontal  shear  stress,  kPa 

Frequency,  Hz 

Modulus  of  rigidity,  kPa 

Rolling  shear  constant,  cn2/cm  width 

Clear  span,  cm 

Required  end  bearing  length,  cm 

Width  of  panel  skin,  cm 

Clear  distance  between  stringers,  cm 

Midspan  diflection,  cm 

Allowable  load  -  bending  moment,  kPa 

Allowable  load  -  panel  deflection,  kPa 

Allowable  load  -  corrected  for  ductility  ratio,  kPa 

Pictures  per  second 

Allowable  load  -  rolling  shear  stress,  kPa 

Allowable  load  •  top  skin  deflection,  kPa 

Allowable  load  -  horizontal  shear,  kPa 

Allowable  load  -  top  skin  deflection,  kPa 

Statical  moment,  cm1 

Flexural  or  bending  resistance,  kPa 

Effective  section  modulus,  cn3/cm  width 

Sum  of  stringer  width,  cm 

Ductility  ratio,  no  units 

Weight  of  panel,  gm/cm3 

Width  of  panel,  cm. 

Bending  deflection  (elastic)  under  uniform  load,  cm 
Shear  deflection  (elastic)  under  uniform  load,  cm 
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USER  EVALUATION  OF  REPORT 


Please  take  a  few  minutes  to  answer  the  questions  below;  tear  out 
this  sheet  and  return  it  to  Director,  US  Army  Ballistic  Research 
Laboratory,  ARRADCOM,  ATTN:  DRDAR-TSB,  Aberdeen  Proving  Ground, 
Maryland  21005.  Your  comments  will  provide  us  with  information 
for  improving  future  reports. 


1.  BRL  Report  Number 


2.  Does  this  report  satisfy  a  need?  (Comment  on  purpose,  related 
project,  or  other  area  of  interest  for  which  report  will  be  used.) 


3.  How,  specifically,  is  the  report  being  used?  (Information 
source,  design  data  or  procedure,  management  procedure,  source  of 
ideas,  etc.) _  _ 


4.  Has  the  information  in  this  report  led  to  any  quantitative 
savings  as  far  as  man-hours/contract  dollars  saved,  operating  costs 
avoided,  efficiencies  achieved,  etc.?  If  so,  please  elaborate. 
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5.  General  Comments  (Indicate  what  you  think  should  be  changed  to 
make  this  report  and  future  reports  of  this  type  more  responsive 
to  your  needs,  more  usable,  improve  readability,  etc.) _ 


